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DETERMINATION OF JAMMING ANGLE IN THE CUTTING PAIR OF FINGER FEEDING ROTOR
AND DISC KNIFE

Anomauin

B cmammi ob6rpynmosano eubip napamempis jHcusUIbHO20 pomopa i OUCKOBUX HOJICIE ULIIXOM 6CMAHO6-
JIEHHS1 3anedCHOCmell OJisl BUSHAYUEeHHS KYMA 3aueMIeH s 8 Pi3abHill napi noOpiobHI08AIbHO20 anapamy ma 6UsHa-
YeHHs 11020 3MIHU HA NPUKIADT GUKOPUCMANHHS NPAMOIHILHO20 padianibH020 RANbYs POMOPA Ma OUCKOBO20 HOJICA.
Haseodeni pisnanns, axi 003601410msb U3HAYUMU KV 3AUjeMIEHH MPAg SHOI Macu Midxc padiaibHUM naivyem
pomopa i Kpaukow OUCKOB020 HOMCA ma Midc pebpom bapabana ma ouckosum Hodcem. Taxoowc npedcmagneni
3a1eAHCHOCI, WO 00360I5I0Mb BCIMAHOBUMU 3HAYEHHS padiyca pomopa, 008UCUHYU NATbYsL pomopa ma oiamemp
0uck06020 Hodxca. OOIPYHMOBAHO, WO OUCKOBE HOJICI Y 3aNPONOHOBAHOMY NOOPIOHIBATLHOMY anapami payio-
HabHo ecmanogmosamu y IV keadpanmi 3 enuuuroro Kyma 2. 6 mexcax 6io 30° 0o 60°.

Abstract

The article substantiates the choice of parameters of the feeding rotor and disc knives by establishing the
dependences to determine the jamming angle in the cutting pair of the shredding machine and determine its change
on the example of using a rectilinear radial finger of the rotor and disc knife. The equations are given to determine
the angle of jamming of the grass mass between the radial finger of the rotor and the edge of the disc knife and
between the edge of the drum and the disc knife. It has been substantiated that disk knives in the proposed shred-
ding device should be rationally installed in the IV quadrant with the value of the angle A in the range from 30° to
60°.

Knrouosi cnosa: Kkym 3axiun08ants, pomop nooauyi, OUCKo8uUll Hidxc, naieys, noopioHweay, bapabaH, 3ousau.
Keywords: jamming angle, feeding rotor, disc knife, finger, shredding machine, drum, beater.

Problem statement. A stable level of develop-
ment of the livestock industry is not possible without a
sufficient number of high-quality and nutrient-balanced
feeds.

At present, all types of stem fodder are used on
farms of the agro-industrial complex of Ukraine: hay,
haylage, silage, green fodder, using, at the same time,
annual or perennial grasses, as well as in combination
with cereals. The choice of existing harvesting technol-
ogies depends on the crop grown, the type of feed re-
quired, the method of harvesting, and the available
amount of energy and machinery on the farm.

Variety of designs, availability of combines of dif-
ferent productivity, strengthening of requirements to

indicators of quality of grinding, economic require-
ments concerning prime cost of gathering of stalk for-
ages cause necessity in validity and prospects both
technological schemes of combines, and new design
decisions of their main working bodies, including the
grinding device.

Bitter-knife multi-plane cutting devices are be-
coming more common in forage harvesting equipment
(pick-up trucks, round and large-pack balers, etc.) [1, 2,
3, 4]. However, today there is no systematic description
of the process of operation of such devices, the main
dependencies have not been identified, which would
determine the productivity, energy consumption and
quality indicators of this type of grinding machines.
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Analysis of researches and publications. In the
process of development beater-knife grinding machines
in forage harvesters have gone through the process of
cutting from cutting in a straight channel with a straight

finger beater on straight knives (Fig. 1, a) to cutting in
a concentric channel with a finger with a spiral working
surface on the knife with spiral working edge (Fig. 1, b,

c).

Fig. 1. Constructional and technological schemes of bitumen-knife shredding machines:
a) - with a rectilinear channel for the movement of plant mass;
b) - with a circular canal and controlled fingers of the beater;
¢) - with a circular channel and a feeding rotor

In modern models of pick-up trucks and balers a
simpler and more reliable rotary feeder is used (Fig. 1,
c). It contains a cylindrical drum on the surface of
which curved fingers are fixed, thus forming a star-
shaped shape. The number of fingers around the cir-
cumference of the drum varies from 2 to 9 depending
on the diameter. This design of the feeding device al-
lows it to be used both in pick-up trucks and balers. The
stem mass in them is selected from the roll by a sorter
and fed into the area of rotation of the fingers of the
rotary feeder. Then it is grasped by a pair of fingers and
stretched along the forming channel on the plate knives.
Then the crushed stem mass is pushed into the pressing
chamber of the baler or into the trailer of the pick-up
truck. The proposed design of the biter-knife shredding
machine provides for the installation of active disc
knives instead of passive concave ones with a spiral
cutting edge [5]. The analysis of work of the shredding
machine allows to allocate three components of the pro-
Cess:

- capturing and compressing the mass with a
beater and feeding it into the channel;

- pushing the mass with simultaneous cutting
along the channel,

- the output of the beater fingers from the channel
without tightening the mass with fingers.

The main working units of such a device are a fin-
ger pick-up, which is closed by casings, a feeding rotor,
a channel formed by protective casings of a beater and
a disk knife. The protective cover covers the beater and
forms the upper part of the channel, and the cover is
smoothly connected to the guides of the pick-up and
forms the lower surface of the channel. The output

channel expands. Its lower shield has slots of appropri-
ate width, which includes disc knives.

Formulation of the goals of the article. The aim
of the work is to substantiate the parameters of the feed-
ing rotor and disc knives by establishing the depend-
ences to determine the jamming angle in the cutting pair
of the shredder and determine its change on the exam-
ple of using a straight radial finger of the rotor and disc
knife.

Presentation of the main research material. The
feeding rotor of the shredder includes a drum and a pair
of fingers, the number of which along the length of the
drum is set by the required length of cutting grass. The
parameters of the drum based on the jamming angle of
the mass between the edge of the drum and the blade of
the disk knife are to be determined.

The jamming angle is the angle formed at the point
of contact of the tangent interacting surfaces. Ideally, the
angle between the surface of the drum and the edge of
the knife at their point of contact is zero. In this case, the
stem mass will be tightened at the place of cutting, ie will
move in the direction of transportation.

In real conditions, there is a gap A,s= 2-4 mm be-
tween the drum and the disc knife, and the knife enters
the groove (rib) on the surface of the drum, the depth of
which is hy = 10-15 mm. In this case, the jamming angle
between the knife and the drum is determined at the
point of intersection of the knife edge and the edge that
forms the groove - point K (Fig. 2). The jamming angle
will be defined as the angle between the tangents drawn
at point K to the disc knife (center O.) and the edge of
the drum - (center O).
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Fig. 2. The scheme for determining the jamming angle of the feeding rotor

From Figure 2 we can write

=TV, oy
where y — jamming angle, rad;
vk - angle OK Oy, rad.

¥, =arccos

(R6 + hl)z + r{)z _(R6 + r{))z

We see that the jamming angle y between the disc
knife and the edge of the drum is constant. We are to
define it, but first set the angle yxy at the point K with
AOKO1, neglecting the value of the gap A, between the
knife and the surface of the drum with a disc knife

2R6(h1 — ra)"' hl2

=arccos

Then the jamming angle is
2R6(hl — ro)"‘ h12
2(R; +hy)r,

If the value of this angle y exceeds twice the value of the
angle of friction, the plant mass is pushed from the point of
intersection of surfaces, if smaller - it moves to the point of
intersection of cutting surfaces, with equality (y = 2¢) - the
material is stationary [6, 7]. So we can write
2R6(hl — ro)+ h12

2(R; +hy)r,
where ¢ — the angle of friction of the grass mass
along the edge of the drum and the blade of the disc knife

However, it should be noted that jamming will
also occur at y > 2¢, as there are forces created by the
drum finger, the drum surface and the disc knife, which
promote the forced passage of the treated grass mass
through the cutting device.

From equation (3) the value of the radius of the
drum will be

R > —h,-r,cos2¢—0,5h _
h,—r,+r,c0s2¢

Another place where the grass mass is jammed is

the working surface of the finger (its edge) of the drum

and the edge of the disc knife. The angle between the

finger BC and the cutting edge AD (Fig. 2), which is

formed when the point (C1; C,) reaches the end of the

X =7 —arccos )

2¢ > m —arccos

. (3)

(4)

2(R6 + hi)ro

2(R6 + hl)ro
finger point D of the disk knife and moves along the
edge of the knife from point D to point A is the jamming
angle, the value of which changes with rotation drum.
The finger of the beater can be both radial BC and
inclined forward - BC; or back - BC» at an angle g,.
Consider the change in the jamming angle for the op-
tion with the radial position of the finger. The jamming
angle at point D is the angle between the tangent to the
cutting edge at point D (forms a right angle with radius
01D) and the direction of the finger O:D, ie

_ T
Ao = Vmin— E .

For any arbitrary point of the cutting edge between
the points D and K, the value of the jamming angle will
be determined

T

=y-=, 5
Xo-k =7 > 5)

where yp-x —jamming angle between the cutting
edge and the beater finger on the arc D-K, rad;

y - the angle at the vertex E on the arc D-K, formed
by an arbitrary radius vector r and the radius of the disk
knife r,.

The magnitude of the angle is within

7mins7/g7[-

Thus, knowing the values of R, ry and h, for any
arbitrary radius vector r lying within Rs<r <Rs;+ h,
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from the triangle OO:E by the cosine theorem the angle
y is determined

r2+r?—(R, +r,)
2r-r, '
where r — radius-vector (distance from the center
of the rotor t. O to an arbitrary point, which is located

on the arc DA of the disk knife (Fig. 2), m;
r, — radius of a disk knife, m.

a0

y =arccos (6)

Using (6) equation (5) will take the form

r’+r2—-(R,+r,f) =z
—— ()
2r-r, 2
In fig. 3 there is a graph of the dependence of the
change of the jamming angle y between the radial fin-
ger and the disk knife and the rib of the drum and the
disk knife on the angle of rotation of the rotor a.

Xk = arccos

A
yd

[

N
g

e

Jamming angle, degrees
8 &8 8 3

10 4+

me 72 T4 T T8

80 82 B84 86 88 90

Angle of rotor’s rotation, degrees
Fig. 3. Graph of the dependence of the jamming angle on the angle of rotation of the rotor between the radial

finger of the beater and the disc knife (curve 1) and between the edge of the drum and the disc knife (curve 2) at
Rs=10,3m; rs=0,15m; h,=0,1m; hy =0,02m

Thus, the jamming angle of the grass mass be-
tween the finger and the disc knife constantly increases
when the angle of rotation of the rotor finger changes.

Taking the parameters of the grinding machine
equal to Dy= 0,50 m, D,=0,51 m; h,=0,18-0,2 m; h; =
0,01-0,02 m, the clamping angle takes the value yx=33 -
36°, yp-x =0-57°.

The height of the finger of the feeding rotor and the
diameter of the disc knife depend on the height of the feed-

ing channel. Therefore their sizes need to be accepted tak-
ing into account backlashes and design features of the
biter-knife shredding machine. The recommended height
of the feed rotor finger ¢ will be h, = b, — (0,01...0,02),
and the diameter of the disc knife - Dy = 2b. +
(0,05...0,10).

It is necessary to place disk knives in the biter-
knife shredding machine proceeding from design con-
siderations and technological process of grinding in the
IV quadrant (fig. 4).
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Fig. 4. Schemes for determining the location of disc knives: 1 - drum of the feeding rotor; 2 - disk knife, 3 - the
bottom of the channel; 4 - fingers of the feeding rotor; 5 — rib

In order to minimize the size of the device and en-
ergy consumption for the process, it is advisable to use
rational values of the angle 1. At zero angle A, part of
the cutting edge will be located in the 111 and IV quad-
rants, which will hinder the movement of the grass
mass to the ring channel. In addition, in the vertical
plane, the dimensions of the shredding machine should
be minimal, which is due to the design features of this
type of machine from possible damage.

Therefore, the minimum value of the angle 4,
where the rotor fingers are guaranteed to push the mass,
will be determined from a right triangle with hypote-
nuse O0'1 = Rs + ryand one of the legs of r, (Fig. 4)

. r
Ain = aresin —2—.
min R5 + ra (8)

The maximum value of the angle Amax, Obviously,
must be taken into account the conditions of unloading
of the cut mass, which can vary from 0 to /2. If we
consider the design of pick-up trucks or balers, the an-
gle of installation of the disc knife A should be taken
from 0 to (7/2-Amin).

Thus, the disc knives in the proposed shredder are
rationally installed in the IV quadrant (Fig. 4) with an
angle 1 in the range from 30° to 60°.

Conclusions.

1. When harvesting stem fodder, preference
should be given to pick-up trucks, balers in which a bit-
ter-knife shredder is used for cutting, which simultane-
ously with loading by pushing the selected mass en-
sures its cutting in a closed channel. The technological

scheme of the biter-knife shredding machine, which
contains a rotary feeding device and a battery of active
disc knives, is considered. This design of the device al-
lows to implement the process of cutting with sliding,
which reduces the cutting force, and hence the energy
consumption of the grinding process as a whole.

2. The dependence (2), which allows to determine
the angle yk of the clamping material between the disc
knife and the drum edge height hs, and angle yp« de-
pendence (5) - between the disc knife and the radial fin-
ger of the feeding rotor, indicating an increase in the
angle y jamming relative to the finger of the feed rotor
and the blade of the disc knife has been obtained.

3. The minimum angle of installation of the disk
knife in the forming channel, which should be taken
within 30... 60°, has been analytically substantiated.
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RESTORATION OF BODY PARTS

Annomauyus.

Kopnyca npedcmasnsirom coboii 0emanu kopobuamoii popmul ¢ Haruuuem 6az08blx NIOCKOCmell u KOOpou-
HUPOBAHHBIX C HUMU U MEIAHCOY COOOU MOYHBIX NOCAVOUHBIX OMBEPCIULL
OcHogHoe HasnaueHue KOpRYCHvix Oemaieli - obecneyenue 3a0aHH020 63AUMHO20 PACHOLONCEHUS PA3IUYHBIX

CcOOPOUHBIX eOUHUY 8 MEeYeHUE 3A0AHHO20 NPOMEICYMKA PEMEHU (PeCcypCa) KaK 8 CIamuyecKom COCMOSIHUL, MaK
unpu 3a0aHHbzxpeofcuMax IKCniyamayuu, niasHocmu uxpa60mbl, a makKoice 6bln0ﬂH€Hu€p}Zaa d)yHKL{uOHaJZbelx
HAa3HayeHull (eepmemusayus, Meniou30aayust u op.).

Koucmpyrkyuu xopnychvix demaneii pasmvie. Ycio6H0 MO’CHO 8bl0eumb 08d OCHOBHLIX MUNA KOPHYCHbIX
demadeii: npusmamuieckue u Qranyegule. /[iis nepeo2o muna XapaKkmepHo HaIudue pazeumulx HapyICHvIX Nioc-
Kocmell U OCHOGHbBIX omsepcmuﬁ Ha HecKonbKux ocsax. B oemaneit 6Mopoco muna njaOCKOCMAMU Cayxcam mopye-
8ble NOBEPXHOCTU OCHOBHBIX OMBEPCMULL C YEHMPUPYIOWUMU 8LIMOYKAMU, OYPMAMU, KOMopble ONpedesiiom ux
06pabomky moyeHuem.

B pabome paspabomano npucnocobnenue 0 0CMaHOBIEHUS NOCAOOUHBIX MeCH OJisk KOPEHHBIX NOOWUNHU-
K08 Osucamenell 6HympenHe2o c2OpaHusl.

Abstract.

Housings have the form of a box-shaped part with the presence of base planes and precise landing holes,
coordinated with each other.

The main purpose of the body parts is to ensure a given mutual placement of different assembly units for a
certain period of time (resource) both in static state and at given modes of operation, uninterrupted operation, as
well as a number of functional purposes (sealing, insulation, etc.).

Designs of case details are various. There are two main types of body parts: prismatic and flanged. The first
type is characterized by the presence of developed outer planes and main holes on several axes. In parts of the
second type, the planes are the end surfaces of the main holes with centering recesses, flanges, which determine
their machining turning.

In the work, a device has been developed for restoring the seats for the main bearings of internal combustion
engines.
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